The production of citric acid by Aspergillus niger using plantain and banana peels were conducted using standard procedures The inoculated substrate was allowed to ferment for 7 days under appropriate temperature and conditions. Physicochemical results of the fermentation process showed that pH decreased from 6.5±0.91/ 6.5±0.54 to 2.5±0.66/ 2.4±0.33 for both banana and plantain peels respectively. Total titratable acidity (%), citric acid yield (%) and biomass content (mg/L) of the fermentation process increased from 0.074±0.49/ 0.06±0.81, 0.172±0.77/ 0.156±0.44, and 64±0.51/ 61±0.08 to 1.28±0.61/ 1.24±0.18, 1.304±0.14/ 1.273±0.32, and 330±0.22/ 298±0.39 for both banana and plantain peels respectively. Sugar content (%) and total solid content (%) for both banana and plantain peels decreased from 7.8±0.23/ 6.3±0.41 and 16.86±0.66/ 18.32±0.08 to 0.6±0.19/ 0.7±0.55 and 9.96±0.22/ 9.34±0.48 respectively. This work has shown that banana and plantain peels which were considered waste products and could not amount to any reasonable use had eventually served as potential substrates for the production of citric acid by Aspergillus niger and their utilization will facilitate both the large scale production of this commercially valuable organic acid and also aid in cleaning up of our messed environment, thereby reducing environmental pollution and improving on waste recycling.
Introduction
Citric acid is one of the most versatile and important carboxylic acid intermediate of metabolism in most plants and animals. Citric acid is a tri-basic acid and is naturally produced by microorganisms during tricarboxylic acid (TCA) cycle [1] . Due to its innocuous nature, citric acid is extensively used in food preparations, pharmaceuticals and cosmetics. About 70% citric acid is used in food industry and remaining 30% in other industries [2] . Citric acid is widely used to impart a pleasant, tart flavour to foods and beverages. Due to their chelating property and powerful sequestering action with various transient metals (iron, copper, nickel, cobalt, chromium and magnesium), citric acid is used for the phytoremediation of heavy metals from the contaminated soils and sediments [3] [4] .Recently, citric acid is also increasingly utilized as a monomer for the manufacture of biodegradable polymers which are widely used in various medical applications [5] [6] [7] [8] .
It is accepted worldwide as a GRAS (generally recognized as safe), as approved by the Joint FAO/WHO Expert Committee on Food Additives [9] . Due to its numerous applications, the volume of citric acid production by fermentation is continually increasing at a high annual rate of 5% [10] [11] and also witnessing steadily increasing demand/ consumption. The ever-increasing demand for citric acid mandates the use of both alternative substrate (inexpensive raw materials, such as agro-industrial wastes) and fermentation processes through solid state fermentation. Recently, solid state fermentation (SSF) is considered as an alternative to submerged fermentation in the production of microbial metabolites because of higher yields, low water requirement and lower operating costs [9] .
A number of microorganisms have been evaluated for the production of citric acid including bacteria and fungi. [12] [13] . Most of them are not able to produce commercially acceptable yields due to the fact that citric acid is a metabolite of energy metabolism and its accumulation rises in appreciable amounts only under conditions of drastic imbalances. However, fungal strains of Aspergillus niger remained the organism of choice for citric acid production due to ease of handling, its ability to ferment a variety of cheap raw materials, and high yields [14] . A cost reduction in citric acid production can be achieved by using cheap agricultural wastes such as apple and grape pomace, orange peel, kiwifruit peel, cotton waste, okara soy-residue and cane molasses.
Currently, the global production of citric acid is carried out by fermentation of sucrose or molasses as substrates [9] ; [15] . Citric acid is produced by fermentation using inexpensive raw material including crude natural products, such as hydrolysate starch, sugar cane broth and by-products like sugar cane and beet molasses [16] . Molasses is preferably used as the source of sugar for microbial production of citric acid due to its relatively low cost and high sugar (40-55%) content [9] ; [15] . Aspergillus niger had the capacity to accumulate significant amounts of citric acid in sugar based medium. However, better successes were achieved using microbial fermentations, and this technique has become the method of ultimate choice for its commercial production, due to economic advantage of biological production over chemical synthesis [17] . With the increase in consumption demand, there is need for substrate alternatives in the manufacture of citric acid that is cheaper and available than the present substrate, especially those of our waste products such as banana and plantain peels that litter the streets and poses disposal problem in the society. This will ensure cleaning up of the environment as part of waste management practices. Therefore, this study assesses the effectiveness of production of citric acid by Aspergillus niger using banana and plantain peels.
Material and methods

Sample collection
Banana and plantain peels were collected, washed to ensure dirt free and oven-dried at 60 o C for 2 hours and ground into 2mm mesh size.
Production of citric acid
The basal medium was prepared by using ground banana or plantain powder (60 g) each into different 250 mL Erlenmeyer flasks. The medium was supplemented in each flask with equal amounts of 0.3% nitrogen (ammonium nitrate) and phosphorus (ammonium phosphate) supplements and moistened to 60% moisture content. The flask was cotton plugged and autoclaved at 121 C for 15 minutes. The medium was cooled at room temperature; each prepared medium was inoculated with Aspergillus niger (6.0 x10 6 CFU/mL) suspension and incubated at 27 C in a rotary shaking incubator for 7 days. 3% v/v methanol was added to the flasks before fermentation. After the fermentation period, the medium was diluted with distilled water (1:4 w/v). Then, the medium was filtered and the filtrate was used for the analyses. All samples were prepared in replicates.
Assay of physicochemical parameters
The physicochemical parameters of the fermented substrates of banana and plantain peels using Aspergillus niger to produce citric acid were analyzed using standard methods of AOAC (2007), to determine baseline characteristics and attributes which include pH, total titratable acidity (TTA), sugar content citric acid, total solids, and biomass determinations. Analyses were conducted daily for seven (7) days starting from day 1 and results were recorded accordingly until experiment was concluded on the 7 th day.
Statistical analysis
Analysis of variance (ANOVA) was employed and used to analyze all data obtained. Results are expressed as mean ± SD (standard deviation). Figure 1 showed pH changes of banana and plantain peels during the fermentation process. During the fermentation process of banana peel, the pH reduced from 6.5±0.91 in day 1 to 2.5±0.66 in day 7; while during plantain peel fermentation, the pH also reduced from 6.5±0.54 in day 1to 2.4±0.33 in day 7. The result of pH reduction obtained for each substrate when compared with fermentation time was statistically significant (p<0.05). Figure 2 showed total titratable acidity (TTA) percentage of banana and plantain peels during the fermentation process. Total titratable acidity (%) increased from 0.074±0.49 in day 1 to 1.28±0.61 in day 7 during banana peel fermentation, while that of plantain peel increased from 0.06±0.81 in day 1 to 1.24±0.18 in day 7. The result of TTA increase obtained for each substrate when compared with fermentation time was statistically significant (p<0.05). Figure 4 showed citric acid content (%) of banana and plantain peels during the fermentation process. Citric acid (%) increased from 0.172±0.77 in day 1 to 1.304±0.14 in day 7; while that of plantain peel increased from 0.156±0.44 in day 1 to 1.273±0.32 in day 7. The result of citric acid increase obtained for each substrate when compared with fermentation time was statistically significant (p<0.05).
Results
Figure 1 pH changes of banana and plantain peels during the fermentation process
Figure 4
Citric acid content (%) of banana and plantain peels during the fermentation process Figure 5 showed total solid percentage (TS %) of banana and plantain peels during the fermentation process. Total solid (%) decreased from 16.86±0.66 in day 1 to 9.96±0.22 in day 7 during banana fermentation, while during plantain fermentation TS decreased from 18.32±0.08 in day 1 to 9.34±0.48 in day 7. The decrease in total solid for each substrate when compared with fermentation time was statistically significant (p<0.05).
Figure 5
Total solid (%) of banana and plantain peels during the fermentation process Figure 6 showed biomass content of banana and plantain peels during the fermentation process. Biomass content (mg/L) increased from 64±0.51 in day 1 to 330±0.22 in day 7 during banana fermentation; while during plantain fermentation it increased from 61±0.08 in day 1 to 298±0.39 in day 7. The increase in biomass for each substrate when compared with fermentation time was statistically significant (p<0.05).
Figure 6
Biomass content (mg/L) of banana and plantain peels during the fermentation process
Discussion
The citric acid produced from banana and plantain peels showed some physical changes as indicated in the results (Figures 1-6 ). The value of pH decreased from 6.5±0.91 in day 1 to 2.5±0.66 in day 7 for banana peel fermentation, while that of plantain fermentation decreased from 6.5±0.54 in day 1 to 2.4±0.33 in day 7. The initial pH shift near neutrality at the beginning of fermentation was important for biomass formation. The progressive decrease in pH as fermentation time increase was due to the production and accumulation of citric acid through metabolic activities. This assertion was in agreement with the works of [1] ; [19] ; [20] ; [21] . The change in (%) of total titratable acidity (TTA) of the fermentation process showed an increase of 0.074±0.49 to 1.28±0.61 and 0.06±0.81 to 1.24±0.18 from day 1 to day 7 for both banana and plantain peels respectively. This progressive increase in TTA is an indication of presence of malo-latic fermentation. Therefore, there is a clear correlation between total titratable acidity and fermentation time. Thus, as fermentation time increases, total titratable acidity increases. The results obtained in this study correlates with the findings of [20] ; [21] . Sugar content (%) decreased for both banana and plantain peels fermentation from day 1 to day 7 at 7.8±0.23 to 0.6±0.19/ 6.3±0.41 to 0.7±0.55 respectively. This showed that the fermenting organism (Aspergillus niger) was utilizing the substrates converting them to citric acid through metabolic processes [22] . High citric acid content (%) was obtained as there was an increase of 0.172±0.77 to 1.304±0.14/ 0.156±0.44 to 1.273±0.32 for both banana and plantain peels fermentation respectively from day 1 to day 7. From the result obtained, there is a direct correlation between sugar utilization, citric acid production, total titratable acidity and fermentation time [19] ; [20] . As sugar content decreases, total titratable acidity, citric acid yield and biomass increases with fermentation time. The increase in biomass indicated that fermenting microorganism (Aspergillus niger) were actually replicating. The utilization of substrate nutrients eventually transformed into decreased values that were obtained in this study for total solid (%) at 16.86±0.66 to 9.96±0.22/ 18.32±0.08 to 9.34±0.48 for both banana and plantain peels fermentation from day 1 to day 7 [20] . The fermentation substrate (banana and plantain peels) for citric acid biosynthesis were to contain the necessary growth factors, primarily the carbon, nitrogen and phosphorus sources. The overall assessment from the data obtained presented banana peels with better citric acid and biomass yield than plantain peels.
Conclusion
This work has shown that banana and plantain peel are potential substrates for the production of citric acid by Aspergillus niger and their utilization will facilitate both the large scale production of this commercially valuable organic acid and also aid in cleaning up of our messed environment, thereby reducing environmental pollution and improving on waste recycling.
